Research on the "emotional brain" remains centered around the idea that emotions like fear, happiness, and sadness result from specialized and distinct neural circuitry. Accumulating behavioral and physiological evidence suggests, instead, that emotions are grounded in core affect -a person's fluctuating level of pleasant or unpleasant arousal. A neuroimaging study revealed that participants' subjective ratings of valence (i.e., pleasure/displeasure) and of arousal evoked by various fear, happiness, and sadness experiences correlated with neural activity in specific brain regions (orbitofrontal cortex and amygdala, respectively). We observed these correlations across diverse instances within each emotion category, as well as across instances from all three categories. Consistent with a psychological construction approach to emotion, the results suggest that neural circuitry realizes more basic processes across discrete emotions. The implicated brain regions regulate the body to deal with the world, producing the affective changes at the core of emotions and many other psychological phenomena.
Emotion research focuses predominantly on the idea that a limited number of emotions (e.g., fear, sadness, happiness, anger, disgust) are psychologically and biologically basic (e.g., Ekman, 1999) . This view is widespread in psychology, providing inspiration for everything from psychopathology interventions to popular television shows. Yet recent reviews of accumulating behavioral, psychophysiological, and neural evidence question this theoretical perspective (e.g., Barrett, 2006; Lindquist, Wager, Kober, Bliss-Moreau, & Barrett, 2012 ). An emerging alternative view is that diverse human emotions result from the interplay of more basic "ingredients," namely, domain-general processes that contribute to many psychological phenomena (including discrete emotions) (e.g., Barrett, 2009a) . One such ingredient in this "psychological construction" approach is core affect (Barrett & Bliss-Moreau, 2009 ), characterized as simple feelings of valence and arousal (Russell, 2003; Wundt, 1987) . Here, we present neural evidence that sadness, fear, and happiness experiences share core affective properties.
The hypothesis that emotions are grounded in continuous and fluctuating affective states described as pleasant or unpleasant with some level of arousal is as old as psychological science itself (c.f. Wundt, 1897) . Recent formulations of this hypothesis refer to these states as "core affect" (Russell, 2003; Russell & Barrett, 1999) because they arise in the core of the body (or representations of body state change). Core affect is detectable in the face (Cacioppo, Berntson, Larsen, Poehlmann, & Ito, 2000) , in the voice (Russell, Bachorowski, & Fernandez-Dols, 2003) , in peripheral nervous system activation (Cacioppo et al., 2000) , and in reports of subjective experience (Barrett, 2004) . The capacity to experience core affect is psychologically universal (Mesquita, 2003; Russell, 1991) and present in infants (Lewis, 2000) , although many of the sensory patterns that predict pleasure and pain are learned through experience. Physiologists, neuroscientists, and economists alike consider core affect a common mental currency that underlies decision-making, choice, and action (Cabanac, 2002; Damasio, 1999; Grabenhorst & Rolls, 2011) .
Amidst this progress in understanding the nature and functions of core affect, understanding its exact relation to the experience of emotion remains limited by a key assumption. Studies often confound core affect and emotion by assuming that each emotion category is associated with a specific core affective state: fear is unpleasant and highly arousing, sadness is unpleasant and less arousing, happiness is pleasant and less arousing. Yet, the core affective feelings evoked during an emotion depend on the situation (and how the situation is conceptualized): fear can be pleasant and highly arousing when rocketing downwards in a rollercoaster car, unpleasant and less arousing when detecting the first bodily signs of the flu, and so on (Barrett, 2009b; Wilson-Mendenhall, Barrett, Simmons, & Barsalou, 2011) . In this study, we assessed the relationship between each individual's core affective ratings and their brain activity within, as well as across, the emotion categories fear, happiness, and sadness.
Capitalizing on the normal variability in everyday life emotion experiences, we developed familiar scenarios for each emotion category that systematically varied in valence and arousal.
Although fear, happiness, and sadness are typically studied as either unpleasant or pleasant (and sometimes as either high or low arousal), we created both unpleasant and pleasant scenarios that varied in arousal within each emotion category. This novel stimulus set included scenarios describing the pleasant fear of risk-taking, the pleasant sadness of nostalgia, and the unpleasant happiness of relief. Thus, we investigated core affect as a dynamic ingredient of emotional experience that varies within an emotion category (i.e., fear can be pleasant or unpleasant; more or less arousing) instead of a one-to-one description of the category (i.e., fear is unpleasant, highly arousing).
Manipulating core affect within each emotion category, we examined whether the affective feelings evoked by diverse instances of fear, happiness, and sadness are grounded in a common neural system. We first predicted that the experience of valence (i.e., individuals' ratings of felt pleasure/displeasure) varying across the fear, happiness, and sadness scenarios would correlate with activity in orbitofrontal cortex (OFC), a region implicated in many studies of reward and value (for reviews see Grabenhorst & Rolls, 2011; Kringelbach & Rolls, 2004) .
Critically, we further predicted that this correlation between valence ratings and OFC activity would be observed within each emotion category, which we could examine because we designed the scenarios in each category to evoke emotional experiences varying in hedonic valence. Our second prediction was that the experience of arousal varying across the fear, happiness, and sadness scenarios would correlate with activity in the amygdala, a region implicated in detecting and coordinating responses to motivationally salient positive and negative events (for reviews see Costafreda, Brammer, David, & Fu, 2008; Lindquist et al., 2012) . We further predicted that this correlation between arousal ratings and amygdala activity would be observed within each emotion category, which we could examine because we designed the scenarios in each category to evoke emotional experiences varying in arousal. As part of a network that represents and regulates the body, orbitofrontal cortex and the amygdala, specifically, are uniquely positioned to coordinate bodily responses dynamically as interpretations of the external world unfold (Barrett & Bliss-Moreau, 2009 ).
Method

Participants
Sixteen right-handed, native English speakers ranging in age from 19-30 (8 female) received $100 in compensation. Participants had no history of psychiatric illness and were not taking psychotropic medication.
Neuroimaging Design
The fMRI paradigm was designed to evoke affective feelings through immersion in scenarios depicting real-world fear, happiness, and sadness experiences (Wilson-Mendenhall et al., 2011) . Emotion induction techniques that draw on the imagination are powerful, often producing changes in cognition, experience, behavior, and physiology that rival real life manipulations (for a review see Lench, Flores, & Bench, 2011) . Furthermore, the neural overlap observed during imagery and perception suggests the brain easily emulates how it feels to experience events in the real world (e.g., Kosslyn, Ganis, & Thompson, 2001 ).
We included two critical trial types in our design to separate neural activity associated with the emotion induction process from neural activity associated with the affect evoked during the emotion (Fig. S1A) . In 144 complete trials, participants first immersed in a scenario designed to induce fear, happiness, or sadness (i.e., scenario immersion), and then focused on and rated the valence or arousal quality of the evoked feeling (i.e., valence/arousal focus). We instructed participants to focus on their internal feeling state before rating it because empirical evidence shows that attention enhances sensory detection and discrimination (Chun, Golomb, & Turk-Browne, 2011) . In 36 partial trials (the second type of trial), participants immersed in a scenario, but did not focus on or rate their affective experience. The unpredictable partial trials were critical for mathematically separating neural activity during scenario immersion events (that occurred on both complete and partial trials) from neural activity during the subsequent valence/arousal focus events (that only occurred on partial trials) ). Because our hypotheses concerned the core affective feelings evoked during the emotion, all brain activations reported here reflect brain activity during the focus events that occurred once the emotion was induced.
In each of the six runs in the neuroimaging experiment, complete and partial trials were presented from six critical conditions created by crossing affective dimension (valence, arousal) with emotion category (fear, happiness, sadness). To encourage swift immersion and to facilitate focusing on a specific affective dimension of the emotional experience, trials were blocked by valence and by arousal (i.e., during valence blocks, participants focused on and rated valence, and during arousal blocks, they focused on and rated arousal). One arousal block and one valence block was presented in each run, with block order counterbalanced across runs (illustrated in Fig. S1B and described further in the Supplemental Online Material (SOM)).
Within each block, four complete trials per category and one partial trial per category were presented in an optimized pseudo-random order amidst jittered baseline periods (ranging from 3-15 s in increments of 3 with average ISI = 6.3 s; optimized using optseq2 software).
Materials
During training sessions and during the scan session, participants listened to scenarios designed to induce fear, sadness, and happiness (see Table 1 ). A full paragraph-long form of each scenario provided a richly detailed and affectively compelling description of an event inducing fear, sadness, or happiness to guide vivid immersion during training sessions. A corresponding core form of each scenario served to minimize presentation time in the scanner so the number of trials necessary for a powerful design could be implemented (Table 1 displays the shorter, core form in italics). In both forms, scenarios were explicitly categorized as fear, sadness, or happiness to avoid ambiguity.
-----[Insert Table 1]-----
To vary the core affective properties as much as possible within each emotion category, scenarios were developed to evoke typical valence (i.e., unpleasant fear, pleasant happiness, and unpleasant sadness) and atypical valence (i.e., pleasant fear, unpleasant happiness, and pleasant sadness) (see Table 1 ). The atypical scenarios described familiar experiences such as the pleasant fear involved in zooming downwards on a rollercoaster or encountering a secret crush, the pleasant sadness involved in inspiring others through one's own loss or unwinding after sacrificing the evening to work, and the unpleasant happiness involved in confronting a surly colleague or being unable to share good news. Ratings collected during the training sessions described in the procedure validated that the emotions induced by the typical and atypical scenarios were familiar and relatively easy to imagine from a first-person perspective (Fig. S2 ).
Variation in arousal was similarly introduced through the event itself and through vivid descriptions of actions and physiological reactions. Please see the SOM for details on the construction and selection of scenarios and for the complete stimulus set.
Procedure
The experiment consisted of two training sessions and an fMRI scan session. The first training session occurred 24-48 hours before the second training session, which occurred just prior to the scan session (Fig. S1C) . The training sessions were designed to give participants practice a) vividly imagining the full versions of the scenarios they would hear later in the scanner or during practice trials b) reinstating the rich imagery of each full scenario upon hearing the core version, and c) focusing on and rating the valence or arousal quality of the feeling state induced by a scenario. During the first training session, participants listened to the full versions of the scenarios, immersing themselves with eyes closed, and rated their personal familiarity with each induced emotion. After a short break, they listened to the core versions of the same scenarios, reinstating imagined details from the full versions, and then rated the internal, external, and thought imagery experienced (further encouraging immersion in the imagined scenarios).
When participants returned to the lab 24-48 hours later, they began the second session by listening to and vividly imagining each full scenario again. Participants provided one rating of how much they experienced "being there" immersed in the feeling of fear, happiness, or sadness described in the scenario. Imagining the full versions in the second session ensured that participants were reacquainted with scenario details just prior to hearing the core versions during the scan session.
Participants then practiced the task that they would perform in the scanner, using scenarios that were not included in the critical scans. Participants were informed that one block of valence trials and one block of arousal trials would occur in each imaging run (with the cue word 'valence' or 'arousal' indicating the block start). They then practiced each trial type, beginning with 15 s complete trials. During complete trials, participants were instructed to immerse themselves fully as they listened to a core version of a scenario lasting no longer than 8 s. A 1 s 'beep, beep, beep' that followed indicated that immersion in the emotional experience should continue as the participant centered in on the valence or arousal quality of the feeling (depending on the block), maintaining focus for 3 s. Finally, a 1 s cowbell cued participants to rate their introspective sense of valence or arousal within the next 2 s using the appropriate scale.
At this point, participants had received much practice using the 5-point valence and arousal scales with their eyes closed. During 9 s partial trials, participants heard a 1 s 'whoosh' sound when the 8 s scenario concluded, which signified the end of the trial. During baseline rest trials, participants cleared their mind during the 3-15 s period of no sound as they waited to hear the next scenario begin. Participants then practiced several short arousal and valence blocks with all trial types intermixed, similar to the critical scans. Detailed descriptions of all training procedures are provided in the SOM.
Imaging and Analysis
Images were collected at the Emory Biomedical Imaging Technology Center on a 3T
Siemens Trio scanner and preprocessed using standard methods in AFNI (Cox, 1996) (see the SOM for details). Two critical regression analyses were performed on each participant's preprocessed data that used canonical Gamma functions convolved with boxcars reflecting event duration to model the hemodynamic response. In the first analysis, the onset times were specified for five conditions: cues beginning each block, scenario events during valence blocks, scenario events during arousal blocks, focus events during valence blocks, and focus events during arousal blocks. Scenario events included the 9 s during which participants immersed in the scenario and heard the brief auditory cue that followed in complete and partial trials.
Modeling the scenarios in complete and partial trials as a single condition allowed for the mathematical separation of the scenario events from the focus events in complete trials. The focus events included the 6 s during which participants focused on and rated the valence or arousal quality of the evoked feeling. Each participant's valence ratings were specified trial-by-trial in the valence focus condition, and his or her arousal ratings specified trial-by-trial in the arousal focus condition.
The following numerical codes were used for valence (1-very unpleasant 2-somewhat unpleasant 3-neutral 4-somewhat pleasant 5-very pleasant) and arousal (1-low 2-medium-low 3-medium 4-medium-high 5-high). Any missing rating was replaced with the mean rating (1% of trials on average). For the focus conditions, both the onset times and ratings were entered into the regression using the amplitude modulation option in AFNI. This option specified two regressors for each focus condition, which were used to detect: 1) voxels in which activity was correlated with the ratings (also known as a parametric regressor); 2) voxels in which activity was constant for the condition and was not correlated with the ratings. Each participant's betas produced from the first parametric regressor for the focus conditions (i.e., indicating the strength of the correlation with valence or arousal ratings) were next entered into a random effects group analysis. In this analysis, the critical statistic for each condition was a t test indicating if the mean across subjects differed significantly from zero (zero indicating no correlation between brain activity and the ratings). To test our regional hypotheses, the group analysis was computed within anatomical masks of orbitofrontal cortex (OFC) and of the amygdala (Eickhoff et al., 2005) . A voxel-wise threshold of p < .005 was used in conjunction with an extent threshold that produced a p < .05 corrected threshold within each mask (12 voxels for medial OFC, 9 voxels for lateral OFC, 3 voxels for amygdala).
Any significant cluster identified in the first analysis was used to mask a second analysis, which analyzed the emotion categories separately. The critical difference from the first analysis was that each scenario and focus condition was split into three conditions for the emotion categories fear, happiness, and sadness. Otherwise the analysis was exactly the same. Table S1 provides descriptive statistics for the valence and arousal ratings by emotion category.
Participant betas produced from the parametric regressors for the six focus conditions (i.e., fear-valence, happiness-valence, sadness-valence, fear-arousal, happiness-arousal, sadnessarousal) were then entered into a random effects group analysis in an identical manner to the first analysis. At the group level, voxel-wise t statistics representing significant correlations with either valence or arousal for each category (p < .05) were entered into a conjunction analysis. The conjunction was only computed within clusters identified in the first analysis to determine if these voxels were significantly correlated with valence or arousal in each emotion category. This key analysis allowed us to examine whether each voxel that correlated with valence or arousal in the first analysis, which was conducted across categories, was correlated with valence or arousal in one or more emotion categories when each category was modeled separately.
Results
Valence
We predicted, and found, that neural activity in orbitofrontal cortex (OFC) correlated with ratings of subjective valence both across and within the three emotion categories. Activity in medial OFC significantly correlated with valence ratings when we collapsed across all fear, happiness, and sadness scenarios (p < .005, peak -2 38 -13, 24 voxels).
1 Illustrated in Figure 1A , activity in this medial OFC cluster increased as the unpleasantness that participants experienced decreased and pleasantness increased (i.e., activity was positively correlated with the bipolar valence scale in which 1 = very unpleasant, 3 = neutral, 5 = very pleasant).
Remarkably, this correlation held within each emotion category when the three emotion categories were modeled independently (p < .05 for each category). Within the medial OFC cluster identified from the correlation across categories, 92% of the voxels showed a significant correlation with the valence ratings of at least one emotion category, with 50% of the voxels correlating with valence ratings in more than one emotion category (Fig. 1B) . Taken together, these results show that as activity changes in medial OFC, so does the subjective experience of valence (i.e., pleasure/displeasure) during all three emotions. Because this result was independently observed within three emotion categories, our findings suggest that valence is a basic property of human emotional experience.
------[Insert Fig. 1]-----
Although qualitatively different systems supporting positive and negative evaluation are often postulated (e.g., Cacioppo, Gardner, & Berntson, 1997) , other theorists have emphasized that multiple sources of value information must be compared and integrated for action selection (e.g., Barrett & Bliss-Moreau, 2009; Cabanac, 2002) . To determine if medial OFC activity was driven by positive affect, negative affect, or both, we recoded the ratings to reflect unipolar scales, one weighted for pleasant intensity (2-very pleasant 1-somewhat pleasant 0-neutral 0-somewhat unpleasant 0-very unpleasant) and the other weighted for unpleasant intensity (2-very unpleasant 1-somewhat unpleasant 0-neutral 0-somewhat pleasant 0-very pleasant). Correlations in medial OFC were observed for both unipolar codings in the same direction as the original bipolar coding, with activity increasing as participants experienced more pleasantness (i.e., positive correlation with the pleasant intensity scale; p < .005, peak -2 44 -4, 36 voxels) and less unpleasantness (i.e., negative correlation with the unpleasant intensity scale; p < .005, peak -2 32 -16, 19 voxels). Figure 1C illustrates differences that emerged, however, in the spatial location of the correlations within medial OFC: ratings reflecting the pleasant weighting correlated with activity in the superior aspect of medial OFC, whereas ratings reflecting the unpleasant weighting correlated with activity in the inferior aspect of medial OFC. Figure 1C also illustrates that the original bipolar ratings correlate with activity that overlaps the unipolar clusters centrally. Animal work has revealed somewhat similar valence gradients in subcortical structures tightly coupled with action (e.g., bivalent rostrocaudal gradients in the nucleus accumbens shell) (Reynolds & Berridge, 2002) . To our knowledge, this is the first time such an inferior-superior cortical gradient for affective valence has been identified in humans.
Arousal
We predicted, and found, that neural activity in the amygdala correlated with subjective arousal ratings both across and within the three emotion categories. Activity in left amygdala significantly correlated with arousal ratings when we collapsed across all fear, sadness, and happiness scenarios (p < .005, peak -23 -2 -10, 6 voxels). 2 Illustrated in Figure 2A , activity in this amygdala cluster increased as subjective arousal experiences became more intense. This correlation held within the sadness and happiness categories (but not within fear) when each category was modeled independently (p < .05 for each category; Fig. 2B ). Although the arousal ratings varied substantially within each category (see Table S1 ), arousal ratings for scenarios inducing fear varied less than the arousal ratings for scenarios inducing happiness or sadness (Levene's test p < .05), with fear scenarios rated more arousing on average (M = 4.13) than happiness scenarios (M = 3.40) or sadness scenarios (M = 3.38). We addressed this restriction of range within the fear category by conducting a follow-up analysis that split each category into a (relatively) high and low arousal condition (see the SOM for details). As Figure 2C illustrates, significantly greater left amygdala activity was observed in the high versus low arousal condition for fear, and for the other emotion categories (p < .05). Taken together, these analyses show that as activity changes in left amygdala, so does the subjective experience of arousal during all three emotions. Because this result was independently observed within three emotion categories, our findings suggest that arousal is a basic property of human emotional experience.
-----[Insert Fig. 2]-----Discussion
Our results support the century-old scientific hypothesis that core affect is a common building block of emotion experience, showing that subjective ratings of core affect correlate with brain activity both within and across emotion categories. The valence (pleasure or displeasure) and arousal that participants experienced during varied instances of fear, sadness, and happiness correlated with neural activity in medial orbitofrontal cortex and left amygdala, respectively. These brain regions are highly connected structures that have continual access to information about the state of the body and the state of the world, thereby able to influence the body in relation to what is necessary to deal with the world (Barrett & Bliss-Moreau, 2009 ).
Integrating external sensory information with internal homeostatic and interoceptive information, in the context of prior experience, is vital not only for safely navigating the physical and social environment, but also for creating richly textured subjective experiences.
Consistent with the idea that core affect is a basic "ingredient" of many psychological phenomena, the affect experienced during discrete emotions in our study shares neural correlates with the affect experienced during simple sensations. Investigations of the affect-inducing properties of taste, smell, touch, and temperature have revealed activity in orbitofrontal cortex and amygdala, among other connected regions, that varies with the valence and intensity of sensory stimuli (for reviews see Kringelbach & Rolls, 2004; Rolls, 2010) . To date, the findings among studies examining the valence and arousal properties of more complex stimuli such as faces (Gerber et al., 2008) , scenes (Anders, Eippert, Weiskopf, & Veit, 2008; Anders, Lotze, Erb, Grodd, & Birbaumer, 2004) , sounds (Anders et al., 2008) , and words or phrases (Colibazzi et al., 2010; Lewis, Critchley, Rotshtein, & Dolan, 2007; Posner et al., 2009 ) have been less consistent.
Because our experiment addressed several methodological challenges (by using rich scenarios to induce familiar emotion experiences, collecting online ratings to avoid memory confounds, and measuring brain activity once the emotion was induced), it is significant that this study produced results consistent with studies of sensory affect. It will be important for future work to examine if these effects replicate for other emotion categories and in larger samples.
In contrast to studying the discreteness of five or so emotions, our results support another theoretical approach -studying the fundamental neural processes that underlie a wide variety of emotions (Barrett, 2009a) . We propose that this psychological construction view, which is consistent with a number of emerging scientific models of emotion (e.g., Clore & Ortony, 2008; Coan, 2010; Cunningham & Zelazo, 2007) , has much to contribute to psychological science.
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Supplemental Methods -Overview
In order to vary valence and arousal, scenarios were written to fall into four quadrants of affective space created from crossing unpleasant and pleasant valence with high and low arousal (examples provided in Table 1 ). For each emotion category, 12 scenarios were written for each quadrant, producing 48 scenarios for each category and 144 scenarios overall. Quality audio recordings were then created for the 48 full and core versions developed for each category, spoken by an adult woman. Her prosody was tailored to the intended arousal and valence of each scenario to facilitate induction of those states in participants. Scenarios were recorded using the freely available Audacity software at a 44.1 khz sampling rate, 16 bits, and converted to MP3 format. The maximum amplitude was also normalized across scenarios to equate the volume.
To verify that the scenarios elicited the intended variation in subjectively experienced valence and arousal, an independent set of participants rated the 144 full scenarios, presented in a random order, for valence, arousal, or ease of experiencing the named emotion (39 participants overall; 13 each for valence, arousal, ease). Of the 48 scenarios developed for a given category, 24 were selected for the complete trials in the imaging experiment, 6 from each quadrant. Any scenario receiving a mean ease rating below 3 on a 6-pt scale ranging from 1-impossible to 6-extremely easy to imagine was excluded from the selection process. The critical scenarios selected for each category displayed the following properties. Scenarios written for high arousal quadrants were rated higher in arousal than those written for low arousal quadrants (p < .05). Scenarios written for pleasant quadrants were rated significantly higher on a bipolar valence scale (with the mean located on pleasant side of the scale) than scenarios written for unpleasant quadrants (with the mean located on the unpleasant side of the scale; p < .05). Furthermore, item valence and arousal ratings were not significantly correlated (p > .05).
To ensure that a range of scenarios was heard in each run of the imaging experiment, the four scenarios in complete trials for a given category were sampled equally from the four valence x arousal quadrants. In other words, the four complete trials per category in every run contained one scenario from each quadrant. Six additional scenarios were selected from each category for use in the partial trials of the experiment. One scenario from each valence x arousal quadrant, a scenario from the quadrant that would be considered typical of the emotion (e.g., high arousal, unpleasant fear; low arousal, pleasant happiness), and its opposite in affective space (e.g., low arousal, pleasant fear) made up the six scenarios selected for partial trials. Although affective space could not be sampled evenly to select six scenarios, the sampling procedure used ensured that there were equal numbers of pleasant and unpleasant valence, high and low arousal scenarios across the complete set of partial trials. A scenario from each quadrant not sampled twice for partial trials was selected for practice trials (i.e., there were two practice trials per category). During training, participants listened to the 72 scenarios that would later occur in complete trials of the imaging experiment, the 18 scenarios that would later occur in partial trials of the imaging experiment, and the 6 scenarios that would later occur in practice trials. In total, these 96 scenarios had equal numbers of fear, happiness, and sadness scenarios from each quadrant. These 96 scenarios are provided in the Appendix.
Supplemental Methods -Versions of the Experiment
Across the six runs in the experiment, each fear, happiness, and sadness scenario was presented twice, once in an arousal block and once in a valence block. To create the first version of the experiment, the 24 critical scenarios presented in complete trials and the 6 scenarios presented in partial trials for each category were randomly assigned to the valence blocks of the six runs. Scenarios in the valence blocks of run one, two, and three were repeated in the arousal blocks of run four, five, and six respectively. Scenarios in the valence blocks of run four, five, and six were first encountered in the arousal blocks of run one, two, and three. To control for repetition order, a second version was created in which scenarios in valence and arousal blocks were flipped (i.e., scenarios initially rated first for valence were rated first for arousal in the second version and vice versa). Finally, two additional versions were created paralleling the first two in which the order of the runs was simply reversed to control for general stimulus order effects.
Supplemental Methods -Training Procedure
A written script was used to instruct participants during both training sessions. In the first training session, which typically lasted about 2.5 hours, participants received an overview of the scenarios and instruction on how to imagine them. Participants were encouraged to immerse themselves in each scenario as they listened with eyes closed, and experience the scenario as if it was actually happening to them, in as much vivid detail as possible. Participants were also instructed that some scenarios could be construed in a number of ways, emphasizing that the task was to immerse in the specific fear, happiness, or sadness described. In all training exercises, a few silent seconds followed each scenario so that participants could engage fully in the feeling that occurred when the situation was construed as the named emotion. Participants focused on the feeling in their body and mind during this time. Participants practiced imagining two happiness scenarios (one being a more typical pleasant, low arousal example and the other being a more atypical unpleasant, high arousal example) during the instructional period. Before beginning any task, participants were also introduced to the relation between the full and core scenarios, and encouraged to reinstate the full scenario whenever they heard a core scenario.
Following the initial instruction period, participants listened over computer headphones to the full versions of the 96 scenarios that would later be presented in the scanner and in practice trials prior to the scan session. Upon hearing a bell two seconds after a scenario ended, participants opened their eyes and judged how personally familiar the feeling was on a 1-5 scale (1 = not familiar, 3 = somewhat familiar, 5 = very familiar). Participants rated the familiarity of the feeling evoked by each fear, happiness, or sadness experience, as compared to those feelings evoked in their everyday life. At the start of all training tasks, participants performed two practice trials in which they rated the feeling evoked by the two happiness examples from the instructions. They then listened to the 96 scanner and practice scenarios in a random order (with no blocking of category).
After taking a short break, participants listened to the core versions of the same scenarios, again in a random order. During three silent seconds following the scenario, participants were encouraged to elaborate the experience, immersing themselves fully into the scenario as it became enriched and developed from memory. Upon hearing a bell, they opened their eyes and rated three kinds of mental imagery using a 1-5 scale (1 = none, 3 = moderate, 5 = high). In the following order, participants rated the vividness of the internal imagery experienced within the body, the external imagery experienced of the outside world, and the thought imagery experienced within their mind. The goal of the imagery ratings was to encourage participants to generate rich simulations as they listened to the core version of each scenario.
After another short break, participants were introduced to the concepts of valence and arousal, and practiced focusing on and rating their feeling state. Valence was explained as a basic sense of feeling good or bad as something is happening to you. Arousal was explained as a basic sense of how much the body and mind are being stirred as something is happening to you (i.e., the degree to which one feels awake and reactive). Low, medium, and high arousal states were described in further detail to ground out the definition of arousal (adjusted based on piloting). After listening to the definitions, participants were asked to define valence and arousal to the experimenter. If a participant provided an incorrect or vague definition, the experimenter explained the concept further and again asked the participant to generate the meaning.
Participants were next introduced to the rating scales used for valence and arousal, and asked to rate seven short sentences first for valence and then for arousal. Six sentences varying in their mean valence and arousal rating were selected from a published study (Colibazzi et al., 2010) , along with a seventh neutral sentence we constructed about brushing one's teeth. If a participant's rating clearly deviated from the published means, the experimenter probed the participant for understanding of valence or arousal, again re-explaining if the participant misunderstood the concept. After rating the sentences, participants were introduced to the event sequence of complete trials. Participants practiced imagining the scenario, centering in on the valence quality of the feeling, and rating it using the appropriate scale. Valence ratings were practiced initially, followed by arousal ratings. The two happiness examples from initial instruction were used as the first practice trials. When ready, participants then engaged in a series of six complete trials. In these trials, they heard practice scenarios that had been included in the prior training tasks, but that were not used in the critical scanner runs.
Participants returned for the second session 24-48 hours later. At the start of this session, participants listened over headphones to the 96 full scenarios in a random order and vividly imagined the scenario as if it were happening to them. When they heard a bell sound two seconds after the scenario had finished, participants opened their eyes and rated how much they experienced 'being there' in the feeling using a 1-5 scale (1 = not at all, 3 = somewhat, 5 = very much). The experimenter emphasized during instruction that participants should rate their ability to experience the feeling of fear, happiness, or sadness as described in the scenario. This first phase, which typically lasted about an hour, ensured that participants were reacquainted with the details of the full scenarios just before hearing the core versions in the scanner.
Participants were then instructed on and practiced the task they would perform in the scanner. The definitions of arousal and valence were refreshed, and participants were again asked to generate the meaning of each concept to confirm their understanding. Next, participants practiced using each scale with their eyes closed. Beginning with the valence scale, participants pressed the button corresponding to each point on the scale as the experimenter named them aloud moving from left to right: very unpleasant, somewhat unpleasant, neutral, somewhat pleasant, and very pleasant. The experimenter would then name a point on the scale at random, and the participant would press the corresponding button. The experimenter cycled through two random orders of the scale points in this exercise. Finally, the participants used the scale to rate the sentences from the first training session once more with eyes closed. This process was repeated with the arousal scale, which contained the following points from left to right: low, medium-low, medium, medium-high, and high. To make responses, participants rested the three middle fingers of their left and right hands on six response box buttons. Simultaneously pressing the middle two buttons with the right and left index fingers was the response for the midpoint of each scale. The middle and ring fingers were used to make responses on the left and right side of the scale. Participants practiced making responses on e-prime button boxes in the lab and used Current Designs fiber optic button boxes designed for high magnetic field environments in the scanner. In the scanner, two response boxes stabilized in a foam pad lay on the participant's legs so their fingers could rest comfortably on the six buttons.
Following practice with the scales, participants were told that they would complete one block of valence trials and one block of arousal trials in each imaging run. The cue word 'valence' or 'arousal' was repeated three times at the beginning and mid-point of the run to indicate the rating to be made during the first and second block respectively. The cueing period lasted 3 s and was always followed by 9 s of no sound so that the cueing period could be separated from the critical events in the experiment. The experimenter also informed participants of the block order prior to each imaging run so they knew which cues to expect at the beginning and middle of the run. Debriefing after the scan session confirmed that every participant heard the cues in each run, and never lost track of which rating they were making.
Participants practiced the critical trial types (complete, partial) separately first, as described in the Methods section. They then completed several short arousal and valence blocks with all trial types intermixed, as during each block of the imaging experiment. The practice blocks used the six practice scenarios not included in the imaging experiment, with each block containing equal numbers of fear, happiness, and sadness scenarios. Participants started with a short valence block that contained the valence cue followed by two complete trials, one partial trial, and no-sound baseline jitter presented in a pseudo-random order. A comparable arousal block was then performed. All six practice scenarios were heard during the first two practice blocks. In the next two practice blocks, practice scenarios heard initially in a valence block were presented in the arousal block and vice versa. The valence block came first followed immediately by the arousal block. The blocks were performed as a set so the participant could become used to switching to the other rating upon hearing the cue at the beginning of the second block. In the last practice set, an arousal block came first followed immediately by a valence block. These blocks were longer so the participant could gain a better sense of what the imaging runs would be like, containing five complete trials and one partial trial (with the six practice scenarios repeating in each block). Participants were informed that the repeated scenarios were for practice purposes and that scenarios would not repeat in this manner during the imaging runs. They were also informed that although scanner blocks would be longer, the task itself would be exactly the same, with all trial types occurring in a random, unpredictable order.
Supplemental Methods -Image Acquisition and Preprocessing
Following the practice, the experimenter and participant walked 5 min across campus to the MRI center. Once the participant was situated comfortably in the scanner, an initial anatomical scan was collected. The participant was then reminded of the task using brief instructions and of the valence and arousal scales by pressing the appropriate button as the experimenter named each point on the scale. When the participant was ready, the experimenter initiated the first functional run and then continued with the next five runs, pausing for a short break between runs. A second anatomical scan was collected last. Total time spent in the scanner was a little over an hour.
Anatomical MPRAGE scans acquired at the beginning and end of the session (192 sagittal slices, TR = 2300 ms, TE = 4ms, flip angle = 8°, FOV = 256 mm, matrix = 256, bandwidth = 130 Hz/Px, voxel size = 1 mm × 1 mm × 1 mm) were later averaged to produce a high-quality anatomical dataset. In each intervening 9 min 3 s functional run, 163 T2*-weighted echo planar image volumes depicting BOLD contrast were collected using a Siemens 32-channel head coil and parallel imaging with an iPAT acceleration factor of 2 (56 2 mm axial slices, TR = 3000 ms, TE = 30 ms, flip angle = 90°, bandwidth = 2442 Hz/Px, FOV = 220 mm, matrix = 64, voxel size = 3.44 mm × 3.44 mm × 2 mm). These parameters were selected to minimize susceptibility artifact in OFC and amygdala while maintaining satisfactory signal-to-noise ratios.
Slice time correction was performed on the functional volumes followed by motion correction and transformation to Talairach space, which were performed in a single step to reduce error that occurs when the functional data are independently warped multiple times. The transformation matrix for motion correction was generated in which all functional volumes were registered to a volume near the beginning of the first run. To generate the Talairach transformation matrix, the averaged anatomical was first skull-stripped and aligned to the same functional volume used as the registration base for motion correction. The anatomical was then transformed to Talairach space using an automated procedure employing the TT_N27 template (also known as the Colin brain, an averaged dataset from one person scanned 27 times). The matrices generated from the Talairach transformation of the anatomical dataset were concatenated with the motion correction matrix and applied in one step to the functional volumes. At this point, the voxel dimensions of the functional volumes were also resampled from 3.44 mm × 3.44 mm × 2 mm to 3 x 3 x 3 mm. The functional data were next smoothed using an isotropic 6 mm full-width-half-maximum Gaussian kernel. Finally, the signal intensities in each volume were divided by the mean signal value for the respective run and multiplied by 100 to produce percent signal change from the run mean. Statistical analyses were performed on the percent signal change data. In all later regression analyses, the six regressors obtained from motion correction during preprocessing were included to remove any residual signal changes correlated with movement (translation in the X, Y, and Z planes; rotation around the X, Y, Z axes). Scanner drift was also removed by finding the bestfitting polynomial function correlated with time in the preprocessed time course data.
Supplemental Methods -High-Low Split Arousal Analysis
An additional regression analysis was run at the subject level with no amplitude modulation. In this regression, the arousal focus conditions for each category were split into a low and high arousal condition, creating six arousal focus conditions (i.e., fear-low, fear-high, happiness-low, happiness-high, sadness-low, sadness-high). The high and low conditions for each category contained equal numbers of trials and were defined prior to the imaging experiment using arousal ratings from an independent set of participants (see Scenarios section). Rating data from the imaging experiment was consistent with the rating data from the independent sample; the high condition was rated as significantly higher in arousal than the low condition in each category (p < .001). The scenarios were modeled as six conditions representing category and rating block (i.e., fear-arousal, fear-valence, etc.). The valence focus conditions were also modeled as six conditions, with each category split into pleasant and unpleasant conditions (e.g., fear-pleasant, fear-unpleasant, etc.). As for all other regressions, conditions were modeled using Gamma functions convolved with a boxcar function that represented the duration of events in the condition. Note. The standard error of the mean (SE) was computed across participant means for each condition. Min and max represent the mean minimum and maximum computed across individual participant minimums and maximums. Similarly, the correlation reported is the mean of individual correlations. Seven participants showed a moderate, significant correlation between valence and arousal for sadness. One participant showed a moderate, significant correlation for fear. You are lounging in bed watching a movie, the made-for-TV variety. You follow the protagonist who is about to confront her cheating lover. Settling under the covers, you curl up and wait for the drama to unfold. The increasingly dramatic music lures your mind, producing an appealing anticipation. You feel an enchanting fear.
Supplemental Results -Behavioral Ratings from Scan Session
Supplemental Results -Whole-brain Analyses
You are sitting at your desk, your morning coffee steaming next to your computer. You open an e-mail and discover that you have been chosen to give a speech. You lean back and close you eyes, inhaling a full breath. Inspirational words float in your mind as you imagine a crowd before you. You feel an enticing fear.
You are sitting down for brunch, fresh flowers adorning the table. You find a seat and wait for your significant other's parents to arrive. You gently wave as they enter the restaurant and your shoulders naturally settle. They respond with broad smiles and you relax in the comfortable moment. You feel an agreeable fear.
You are sipping punch at a school reunion, scanning the growing crowd. You notice your high school crush from across the room returning your gaze. Your crush looks away and you smile to yourself in the private moment. A soft amusement begins to arise as your mind becomes lost competitive fire. You feel an energizing fear.
You are pacing while calling your significant other, finally hearing a voice. You convince your partner to ditch work and take a road trip together. Jumping in your car, you stop for a brief moment to catch your breath. You put the car in drive, hitting the gas pedal with mischievous delight. You feel an excited fear.
You are sitting atop a waterslide, gurgling liquid plummeting feet from you. You slide over the edge and are sucked downward with the current. The cool water washes over your tensed abdomen as you slip and slide. Moving nonstop in the gushing stream unleashes your mind in a freeing high. You feel a vitalizing fear.
[CATCH] You are jumping off the ski lift, landing in untouched powdery snow. You push off and within seconds are speeding down a steep hill. Before long you are working up a sweat, sticking to your warm clothing. You turn sharply and delight in the precarious balance of speed and control. You feel an adventurous fear.
[PRACTICE] You are watching a football game, edging forward to the tip of the sofa. You bet on the underdog team who could still win in the final minute. You jump up and start pacing, your palms sweaty as the players line up. The play commences and you are captivated by the euphoric anticipation. You feel a passionate fear.
in a familiar fantasy. You feel a lovely fear.
You are lounging on the couch, hanging out with friends in your apartment. You make a silly bet and promise to do something embarrassing if your friend wins. You shift to lay your head on a pillow as your friend begins laying out rules. While the gentle teasing continues, your mind constructs entertaining possibilities. You feel an amusing fear.
You are sitting down at your desk, sluggish after a big lunch out. You open a letter that indicates you have been nominated for an award. Giving into your body's desire to unwind, you relax your muscles, tilting your head back. Your mind wanders agreeably and envisions winning against stiff competition. You feel an appealing fear.
[CATCH] You are lying back in bed, resting a book carefully on the nightstand. You consider the new job you will start tomorrow to end your long unemployment run. You stretch out and roll over, your body recovering a soothing alignment. Closing your eyes, you imagine the deep satisfaction of depositing your first pay check. You feel an encouraging fear.
[CATCH] You are sitting in a recliner, tilting back as you stare at your laptop. You visit an online shop and spontaneously buy an expensive jacket. Clicking to finalize the purchase, you exhale gradually with a bit of disbelief. Gazing at the confirmation page, you sense a delightful tension developing. You feel an alluring fear.
Unpleasant
You are driving home from work, only a mile from your house. You steer around a bend and another car rapidly swerves into your lane. Your muscles instinctually tighten as you slam your foot on the brakes. The advancing car's blinding headlights deepen the jarring sensory disturbance. You feel a piercing fear.
You are confined to an airplane seat, passing time by listening to music. You abruptly jerk violently as the plane dips and You are awaking to your beeping alarm clock, which is pulsing predictably. You mindlessly search out the curved snooze button and press it lightly. You remain still, movement disagreeing with your worn out body. In the darkness, visions of your early meeting creep into your awareness. You feel a bothersome fear.
You are sitting down resting, finally a free moment between meetings. You check the news online and a breaking story reports a oxygen masks deploy. For a moment all that you sense is a shocking internal numbness. You stare in horror at the mask dangling in front of you. You feel a dreadful fear
You are walking to your car alone, the city parking deck dimly lit. You hear an explosive bang and see a man running with a pointed gun. You quickly drop behind a car and attempt to control your shallow breathing. You try to dismiss the horrendous vision of what will happen if he finds you. You feel a perilous fear.
You are driving down an isolated road, cutting through a thick dark forest. You coast slowly as your car breaks down and your cell phone reception vanishes. Sweating profusely, you try repeatedly to start the exasperatingly unresponsive car. You peer around anxiously for signs of life in the beam of your headlights. You feel a panicked fear.
You are sitting home alone reading, immersed in a dramatic murder mystery. You startle violently when you hear the piercing sound of glass breaking. Launching out of your chair, you heart is palpitating wildly in your chest. Your mind harbors terrible visions of your assailant as you grab for the phone. Your feel a striking fear.
You are sitting in the doctor's office, glancing at the cautionary posters. You learn from the doctor that you must undergo a spinal tap procedure. As he explains the details, you sense the queasiness in your stomach escalating. Thinking about the unbearable pain gives his words an appalling reality. You feel a ghastly fear.
[CATCH] You are standing in a sports bar, angular flat screen TVs everywhere. You catch sight of a news bulletin that a tornado has hit your hometown. Your stomach cinches in knots as you run outside to call your family. Listening to their prerecorded voicemail, horrible possibilities are flooding your mind. You feel a paralyzing fear.
[CATCH] You are hiking in the woods, the mass mall shooting. Your body sinks reading that the shooter was a troubled teen who killed himself. Your thoughts wander to the unfortunate fate of the innocent shoppers. You feel a distant fear.
You are sitting down after lunch out, your desktop reappearing at your touch. You notice a pressing e-mail from your boss that you forgot to address. Taking a deep breath, you lengthen your spine in an attempt to reenergize. You slowly re-read the message with the burden of responding quickly. You feel an inconvenient fear.
You are standing up to leave the office, papers neatly arranged on your desk. You spot a new e-mail with a subject line reading 'spreading flu virus.' You sense yourself recoil slightly as you click to close out of your e-mail. You are playing charades, gathered at a friend's house for game night. You try to act out an abstract word and end up confusing your team. As you jump about gesturing vigorously, you sense your heart beating faster. You watch the hourglass run out and collapse on the floor laughing, losing the round. You feel a silly sadness.
[CATCH] You are marching into your boss's office, on a private mission. You deliver a thoughtful speech and quit your loathsome job on the spot. Walking swiftly to your desk, disheartened coworkers gather around. You promise to keep in touch as you eagerly pack up your things. You feel an empowered sadness.
[CATCH] You are gathering on the basketball court, focused on your intramural team captain. You listen to a lively recap of the solidarity that won your final game. Smiling as sweat drips off your face, your body is still energized. You shout one last cheer with teammates, individuals who have become good friends. You feel a merry sadness.
Anticipating the warm Florida weather, you sense your heart beating softly. You imagine lying comfortably by the hotel pool with a refreshing drink in hand. You feel a tranquil sadness.
You are strolling past stores, shopping for family during the holiday season. You discover a gadget and instead of buying it for yourself purchase it as a gift. You detect your energy level shift ever so slightly as you hold the package. The gorgeous aesthetics of the design are even more appealing up close. You feel a fascinated sadness.
[CATCH] You are sitting in your car, rotating the key smoothly in the ignition. You hear the radio click on and catch the last verse of an old favorite. In the moment following, you allow your eyes to close and release a breath. You hum the tune in its absence, the rhythm pleasing to your mind. You feel an enjoyable sadness.
[ [CATCH] You are walking along the sidewalk, scanning the street vigilantly. You search for your missing cousin who hasn't been seen in 24 hours. Your throat instantly goes dry when you think of the danger she might be facing. You sense yourself losing faith, your distressed mind plunging into doubt. You feel a severe sadness.
[PRACTICE] You are running for the phone, your personal cell ringing loudly at work. You answer and your sister softly tells you that she is terminally ill. You struggle for a breath as your stomach flipflops in a moment of silence. You briefly flash forward to a dreadful future without [CATCH] You are standing facing the mirror, rubbing your sleepy eyes to wake up. You reach for the faucet and spot a raised red pimple on your cheek. You stare at your face, motionless until a sigh escapes and your shoulders sink. The small blemish nudges your drowsy mind, annoyingly directing your attention. You feel a dashed sadness.
[CATCH] You are sitting on the floor, sorting through a photo box you discovered. You find an endearing picture of your grandfather who passed away years ago. You softly close your eyes, briefly tearing up as you hold the photograph. For a moment, you are your loving sister. You feel a horrid sadness.
reunited with a tender sorrow, faded but still present. You feel a wistful sadness.
